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Strepsicrates macropetana Meyrick (Tortricidae) has a significant impact on eucalypt 
form and growth, therefore is an important insect pest of young plantations in New 
Zealand. The current research was undertaken to provide essential information 
regarding the biology, behaviour, phenology and chemical ecology of S. macropetana. 
All experiments were conducted within laboratories and/or glasshouses located at 
Massey University, Palmerston North, during the 1998/1999 period. The use of a cage 
containing eucalypt foliage enabled an efficient, self-maintaining method of rearing. 
A full life-cycle of S. macropelana was completed within approximately 54 days. 
Female S. macropetana had an average fecundity of 40 eggs, with an egg to adult 
survival rate of 62 .5%. The eucalypt species on which the larva developed on had an 
effect on the growth of S. macropelana. However, no one host species achieved 
optimal growth on all parameters. When given a choice between eucalypt and non-host 
(apple) foliage, S. macropetana females oviposited more eggs on the eucalypt foliage, 
depositing significantly more on the lower surface of the leaf, predominately around the 
central mid-vein region. 
Between four and five generations of S. macropetana were identified in the field 
during a 12-month period. The abundance of S. macropetana was shown to be related 
to the larval host, and temperature. A significant relationship was also identified 
between pupal weight and these factors. The predominant natural enemy of 
S. macropetana in the field was identified as Trigonospila brevifacies (Hardy) 
(Tachinidae), in which larval parasitism rates of up to 45% were found. 
Sexual activity was predominant within the first and second hours of the 
scotophase, reaching a maximum when adults were three to five days old. Oviposition 
behaviour was most frequent around the second, fifth and seventh hours of the 
scotophase, peaking when adults were six to eight days old. Egg viability declined as 
female age increased, from 55% viability on day seven down to 31 % on day nine. 
Male S. macropetana were shown to be attracted to female S. macropetana in a Y-tube 
assay. Biologically active compounds were isolated from female S. macropetana, and 
the main compound was preliminarily identified as (.E)-7-Dodecenyl acetate. This, in 
addition to moderate amounts of other compounds are likely to constitute the sex 
pheromone of S. macropetana. 
iv 
Acknowledgements 
I am extremely grateful to my supervisors Drs Qiao Wang and Toni Withers for their 
invaluable guidance, encouragement and support throughout my programme of study. 
Both made achieving the objectives of the research a lot more attainable, for which I am 
eternally grateful. I am also thankful to Dr Stephen Foster, Ho11Research Institute, for 
his guidance and excellent suggestions towards the project. I wish to acknowledge the 
Forest Research Institute for providing NSOF funding towards the research project, 
without which the work would have not been possible. 
My gratitude goes to Ms Lorraine Davis for providing me with technical support 
and endless encouragement throughout my program of study. Furthermore, to 
Mr Geoff Davis for constructing the main rearing cage utilised throughout the current 
research. My thanks also goes to the staff and students of the Plant Protection Group, 
whom all contributed to a very pleasant working environment within the department . 
Many thanks to Dr Rachel Allen for her technical assistance and comments on an earlier 
draft. My gratitude goes to Mr Alfredo Jimenez-Perez, Plant Protection Group, Massey 
U niversity, and Mr Duncan Hedderley, Statistical Research and Consulting Centre, 
Massey University, for their valued statistical advice and assistance. Furthermore, l am 
very grateful to Ms Liz Grant, Ecology Group, Massey University, who provided the 
insect illustrations within the thesis. 
My appreciation goes to the landowners whose plantations were involved in the 
current research; these include Dr Mike Nichols, Mr James Millner, Dr Ralph Sims, 
Tasman Forest Industries, and Mr and Mrs Brett Hitchman. I am grateful to Mr Ray 
Johnstone, Manager of Plant Growth Unit, Massey University and his staff, w hom 
provided me with the facilities and assistance required to make my research objectives 
more attainable. Endeared gratitude goes to my partner Mr Dean Christie who provided 
me with endless support, both computer related and emotional, and assisted with any 
field related tasks. Finally, thanks goes to family and friends who supported and 
encouraged me throughout my program of study. 
V 
Table of Contents 
Abstract. .......... . . . .. .. .. ... .... ... . . ... . . . . . . ... . . . ... . . . . . ..... . . 111 
Acknowledgements ...... ... ..... .... ... ... .... .... ... .... .. ............. ..... .. ... ....... .... .. ..... .... .... .. ........ . Iv 
Table of Contents ............ .. . .... ....... ..... ... .. .. . .... ....... ... .. .. .... ...... . ................ . v 
List of Figures .... ... ... ...... .. . . . .. . .. . . ........... . .... . . . ........ . .. . ...... IX 
List of Tables .... ..... .. ... .......... . .. . ..... . . ...... . .. ... . . . ... . . . . .. ... ... .. . . . .. ..... . .. . .. .. . ... . . . . .. .. .. .. ...... XI 
1 . Introduction ....... ...... .... _ .. ........... ..... .. .. ... .. ...... ..... ............. ..... ..... ........ .............. ....... 1 
1.1 Strepsicrates macropetana .. . ........ ...... ..... . ..... ... .. .. ..... .......... .. .. .. ... .. .......... l 
1.2 Taxonomy . . . . . . .. . . . . . . .. . . . . . .... . . . . . . . . .. . . . ... . . . . . . . . . .......... .. ..... .. ........ . ..... ............... 2 
1. 3 Pest status ...... 
1.4 Current control 
1.5 Aims and objectives 
.., 
.. .. . . ............. .) 
... ... ...... .... 4 
....... ..... ... .. 5 
2. Literature Review ..... ........ ............ ............. ..... ...... ..... ........ ...... ....... .. .. .... ... ... .. ........... 6 
2 .1 Exotic forestry in New Zealand .. .. .. ..... .. .. .... ... .. .. .. ............... ........ .... ...... ......... 6 
2.2 Insect pest management . ....... ... .. ... ............... ... ..... . ... .. ... .. .... ... .. ... .... .... ... . 7 
2.3 Importance and distribution of tortricids .. .... ..... .... ...... ... ... ....... .. .. .. .. ............. ..... 9 
2 .4 Rearing of tortricids .. .. ...... __ .. ..... .. . .. .... .... ..... ...... ..... ..... ... .......... ... .... .............. 10 
2.4 .1 Historical overview of rearing..... . . .... ..... ...... .. .... ... ...... ........ 11 
2.4.2 Tortricid rearing. ..... . ......... .......... .. .............. ..... .... ...... ....... .. . 11 
2.4 3 Differences in tortricid life history with diet .. . . .. ...... .... .... ..................... 13 
2.5 General biology oftortricids ... .. .... .......... .. .... . . .. . .. .. ..... ....... ..................... 13 
2.5.1 Life history ... ........ . ..... ........... .... ...... ... ..... . .. .... ....... .... ............ ... ... .. .. ...... 13 
2.5.1.1 General outline ... 14 
2.5 .1.2 Tortricids in New Zealand .................... .. ..................... ....... .................. 16 
2.5 .1.3 Influence of abiotic and biotic factors on the life history oftortricids ... 16 
2.5.1.3 .1 Adult diet ........ ........................ ... ....... ... ....... .... .......... .. ... ..... .. .... . 16 
2.5.1.3 .2 Environmental conditions .... ..... ........... .. ........ ....... ................... ... 17 
2.5.1.3.3 Larval host plant ............ .. ... .......... ...... ... .. ....... .... .. ... ........ ... ......... 17 
2.5.2 Host plant associations .... ....... ................. .... ...... ................... ........... ...... .. ... 18 
2.5.2.1 Host plant selection of herbivorous insects .. ..... ....... ...... ....................... 18 
2.5 .2.2 Stimuli mediating host selection .... ..... .. ........ ... ... .. .. .... .... ... ... .. ....... ... .... 19 
2.5.2.2. 1 Chemical cues .... .... .. .... ...... .. ... ... ......... .. .... .. .. ... ... .... .... ... ........... .. 19 
2.5.2.2.2 Visual and tactile cues .. .................. .... ... .... ....... .......... ... .. ... .. .. ..... 21 
2.5 .2.3 Non-plant factors influencing behaviour ......... ........ ...... ... ........ .. ... .... .... 22 
2. 5 .2.4 Host selection bioassaying ... .. .. .. ........ ........ .. ........ ......... .......... ........... .. 23 
2.5.3 Reproductive behaviour ..... .... ....... .. ............ .... .... .......... .. .. ....... .... .. ... ..... ..... 24 
vi 
2.5.3 .1 Reproductive behaviour oftortricids ..... ...... .... ..... ............. ........ ...... ... .. 24 
2.5.3 .2 Internal control ofreproduction behaviour.. ... ........ .......... .. ..... ... .... ....... 25 
2.5.3.3 Influence of biotic and abiotic factors on reproductive success ...... ... .... 26 
2.6 Phenology oftortricids .... . ...... ............... ....... .......... ............ .. ..... ... ....... .. 28 
2.6.1 Factors influencing the phenology and abundance of tortricids ..... . ....... ... ... 28 
2.6.2 Natural enemies of tortricids .. .. 29 
2. 7 Insect pheromones .................. . .30 
2.7.1 The nature of olfactory communication ... ....... . . .. .... ...... .. ... ... ........ .. 30 
2. 7.2 The nature of insect pheromones ........ ... ... ..... . . .... . .. ...... ........ ...... 31 
2.7.3 Insect sex pheromones ........... .. . . . ..... ...... 32 
2. 7. 3. 1 Production of pheromones .. . ..,.., ..... . .. .... _) _) 
2. 7.3 .2 Perception of pheromones ..... ..... ..... .... . . .. ... .... ... .... . .. .. ..... ....... ... .... 34 
2. 7.4 Tortricid sex pheromones .... ...... . ... .. .... ...... ....... ........ ...... ...... ........ ... ..... ...... 35 
2.8 Conclusion ......... .. ..... .......... . ...... . ... ... ... . ...... ..... .... .... ..... .. ... ... ........ .. ... ... ... 36 
3. General biology and rearing of Streps;crates macropetana ......... ........ .... .... .... ... ... . . 37 
3 .1 Introduction .... ........ .. .... ... ...... .. .................. .......... ... ... ...... ...... ...... .. .... ... .......... 3 7 
3.2 Life history .... . ............ .... .... ...... ....... ... .... .. ..... ........ .. ..... ... .. .... ........ ...... ... 37 
3.2.1 Materials and methods. 
3 .2 .2 Results ... . 
3.2.3 Discussion 
. .. 37 
..39 
.... 42 
3.3 The effect of diet and rearing method on development ....... ....... ... ..... ... ....... ..... . .44 
3.3. 1 Materials and methods .. 
3.3 .1.1 Individual rearing with Eucalyptus foliage and GPD ...... .. .. . 
.44 
.44 
3.3.1.2 Mass rearing with Eucalyptus foliage and GPD .... ... ... .... ........ .......... .. .45 
3.3.2 Results .......... ....... ... ... ... ............ .... .... . ... ....... .. .. .......... ....... ..... ........ ...... ... .. 46 
3 .3 .2.1 Individual rearing with Eucalyptus foliage and GPD ....... .... .. .... ......... .46 
3.3.2.2 Mass rearing of with Eucalyptus foliage and GPD .... ... .. ...... ........ ... .... .46 
3.3.2.3 Discussion ... ... ....... .. ........ ..... .... .. . ... ...... ... .. .. ....... ...... ............ .... .......... . 49 
3 .4 The resulting method for rearing. ........ .. ..... . ....... .... ....... ............. ............... . 50 
3 .4.1 Materials and methods ...... ..... .. ...... .. .. .... .. .. ...... ........ ... ... .... .......... .. .. ... .... .. 50 
3.4.2 Results ..... .......... ...... ... .. .... ...... ..... .... .... ....... ... .... .. .. ... ... ... ... ...... .... ....... ...... .. 50 
3 .4.3 Discussion .................. ........ ..... ....... ......... ......... ........ ......... .... .... .... ....... ...... 51 
3. 5 The effects of host plant on development ... .... .. ........... ..... ....... .... .. ......... ....... ... .. 51 
3. 5 .1 Materials and methods ....... ........ ......... ..... ....... .. .. ..... .... ........... .... .... ....... ... .. 51 
3.5 .2 Results .... .... ... .... .. ... ... ...... ... ........ .... ..... ...... ..... .... .... ... .. ...... ........ ..... .. .... ... ... 52 
3.5.3 Discussion .............. .... .. ......... ..... ......... ... ..... ....... ... .. ....... ..... ........ ..... ... .. ..... 55 
3.6 Female host plant selection ..... ..... .. .. ......... .... .... ....... ..... ..... .... ...... ... .... ... .. ...... .... 56 
Vll 
3.6 .1 Materials and methods .................. . . ... ... .... ...... ..... ..... ...... ..... .... ............ 57 
3 .6 .2 Results .............. ........ ........ ... ............... ...... ..... ...... ........ ......... ... .... ..... ... . ..... 58 
3 .6 .3 Discussion .. .... .. ....... .... ... ....... ....... ............................. ... .............. ....... .... ..... 60 
4. Phenology, abundance and natural enemies of Streps;crates macropetana ... .. ......... 63 
4 .1 Introduction ................. ... ..... ... ...... ............ ........ .... ............... .. .......................... .. 63 
4 .2 Materials and methods .... .... ... .... .. ..... .... .... .... .. .. ... ... .. ...... ... ..... ... ............. .. ........ 63 
4 .3 Results .... .. .............. .. . ... .. .. . ... ........ ....... ...... . ... .. 66 
4 .3.1 General observations from the field ............. .... ... .... ... ......... ................ ......... 66 
4 .3.2 Phenology and abundance ..... ... ... ... .. ..... .. ...... .. ...... ........ ..... ...... ... ....... .. ....... 67 
4 .3.3 Natural enemies .. . ... ............. ... .. ................ ... .. .. .... .. .. .. .. ....... ........... ...... .. .... 72 
4.4 Discussion ............................... ... .. ................... ..... ... ... ... ............... . .. . ............... 74 
4.4.1 Phenology and abundance ....... .. .... .... .. ................................. .. .... . .. 74 
4.4 .2 Natural enemies .. ...... .. .. .... .. ................... ...... .. .. ... ...... .. ... .. .. ... ...... .. .......... 75 
4.4.3 Limitations of sampling methodology .......... .. ........ .... .. ..... .......................... 77 
5. Reproductive behaviour and preliminary identification of the female sex pheromone 
of Streps;crates macropetana .. .. .. ... ... ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ... 78 
5 .1 Reproductive behaviour. ... . .. .. .. .. .. ...... .... .. .. ... 78 
5.1.1 Introduction ................ .. .... . ... .. ... ................................ .. .... . .. ....... 78 
5.1.2 Materials and methods ..... .. . . .... ..... ........ ........................ . 78 
5.1.3 Results ........ ...... .. .............. . . . ........ . ...... . ..... .. ...... ... .... ...... ... . 79 
5.1.3.1 Daily rhythm .. .. . ... .. .... ..... .. ...... ....... ................ . 79 
5.1.3.2 Lifetime rhythm .... .. ........ .. .... ........ .. .. .. ... .. ..... ............ .. ... .. .. .. .. .. ...... .... .. 80 
5.1.3.3 Total eggs laid and egg viability .. .... ..... ................ .... .......... .. .... .... . .. ... 80 
5. 1 .4 Discussion .............................. .. ...................... .. .. .... .. .. .. .... . ........................ 83 
5 .2 Preliminary identification of the female sex pheromone of Strepsicrales 
macropelana .... ..... ... ............. ... .. .. .. ..... .. . .. .. ... .. ..... 85 
5.2 .1 Introduction .. .................... ........ ........... ... ... ........ ........ ... .. ................ .. ... .... ... 85 
5.2 .2 Materials and methods ...... .. ............. .. .. .. .. ... ... .. .. ... ... .. ........ ... ... .. .. ......... .. .... 85 
5.2 .2.1 Attraction bioassay ... .. ... ... ........ .. ............................ ........ .. ..... ........ ....... 85 
5 .2 .2.2 Collection, isolation and analysis of sex pheromone compounds .... .. .. .. 88 
5.2 .2.2 .1 Collection of air-borne volati les ....... .. ............. .. ............. ... ... . .. . ... 88 
5.2.2.2 .2 Sex pheromone isolation using glandular extract .... .. .. .. .. .. .... ..... .. 90 
5.2 .2.3 Analysis of eflluvial and glandular extract .. .. ........... ... ......... . .. .. ........... 90 
5.2 .2.4 Electroantennogram assay .. .. .... ...... .. ........... ......... ..... ......................... .. 91 
5.2.3 Results .. ... ... .... .... ............ ............ ... ..... .. ... .. ... ... ...... .. ....... .... .... ... .... ..... ...... .. 92 
5.2 .3.1 Attraction bioassay .. .... ....... ... .. ............ .. .... ... ........ .. .............................. 92 
5.2.3.2 Collection, isolation and analysis of sex pheromone compounds .......... 92 
Vlll 
5.2.3.3 Electroantennogram assay ... ... .. ........ ........ ......... ... ... ....... ................. ... .. 93 
5.2.4 Discussion .... ... .... .... ... ... .. ...... .. ... .. ... ....... ... .. ..... . ... ............ ...... ........ .... ....... 97 
6. Concluding Remarks ..... .... ............. .......... .. ... .. .... ...... ... ... ..... .... .... .. ........... .. .... ...... 100 
References . 
Appendices . 
Appendix one ....... . 
Appendix two: .. 
Appendix three: 
Appendix four : ... ..... . 









List of Figures 
Fig. 1. Damage resulting from Strepsicrates macropetana (left) .... ...... .. .. .. ... ... ... .. ..... .... 1 
Fig. 2. Damage to E 11calypt11s leaves ......... ... ..... ...... . 
Fig. 3. The life-cycle of Strepsicrates macropetana .. . .. 40 
Fig. 4 . Female Strepsicrates macropetana . ......... ...... .. ....... ...... ...... .... .... ... ... ......... ...... 43 
Fig. 5. Male Strepsicrates macropetana . .... ... .. .... ....... ..... ...... .... .. .... .................. .... .. .. .43 
Fig 6 . The survival of Strepsicrates macropetana when individually reared on 
E11calypt11s foliage(•) and general-purpose diet (o) . .... ... .... ... . .. . . . . . . ......... 48 
Fig. 7. The experimental layout for detecting the effects of E11calypt11s host species on 
Strepsicrates macropetana development. .... ....... .. ................... .... ........... ........... 53 
Fig. 8. The cylindrical hang nets used to contain eucalypts and Strepsicrates 
macropetana . ...... ...... ......... .......................................... ......... . ... .... ..... 53 
Fig. 9. Host selection arena used to assess Strepsicrates macropetana oviposition 
preferences. ........... ........ ... ... ........ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 59 
Fig. 10. The oviposition of Strepsicrates macropetana on non-host and host plants in a 
choice test. Means accompanied by different letters are significantly different at 
P < 0.05 ....... .... ....... ..... .. .. ....................... .. .. ........ .. ............... . ········ ·········· ···· ·· · . 59 
Fig. 11 . Combined abundance of Strepsicrates macropetana development stages 
throughout the l 999 period across all study sites. . . . . . . .. ........................... 70 
Fig 12. The monthly abundance of Strepsicrates macropetana (column) combined 
across all sites, and corresponding ambient temperature (line) throughout the 1999 
period. Numbers (1-5) represent the generations of S. macropetana identified .. .. 70 
Fig. 13. The monthly abundance of Strepsicrates macropetana at three sites within the 
Manawatu region .... ...... ..... ............... ..... .... .. . ................... .. ..... ....... .. ....... ......... 71 
Fig. 14. The mean abundance estimate of Strepsicrates macropetana on fifteen eucalypt 
species combined across all sites and all seasons. Means accompanied by 
different letters were significantly different as P < 0.05 ...... .. ............ ... ... .... .. .. ... 71 
Fig. 15 . Strepsicrates macropetana pupae parasitised by Trigonospila brevifacies . .. .. . 73 
Fig. 16. Mean parasitism by Trigonospila brev{facies (line) and the mean abundance of 
Strepsicrates macropetana throughout the 1999 period (column) summarised 
across all sites . .................. .. .. ...... .... ................... .. ....... ......... .. ..... .. ............. .... .... 73 
Fig. 17. Daily activity rhythm of Strepsicrates macropetana . ...... .... ...... ..... ........... .... .. 81 
Fig. 18. Daily sexual rhythm of male and female Strepsicrates macropetana. Hours 
0-8 in scotophase (shaded grey) : hours 9 - 0 in photophase (n = 80) .... ......... ..... 81 
Fig. 19. Lifetime rhythm of Strepsicrates macropetana over a seven day period ......... 82 
X 
Fig. 20. The egg viability and total number of eggs laid by female Strepsicrates 
macropetana (n = 20). . .. .. ........ .. ...... ...... ... ...... .. ..... ............. .......... ...... ...... ... 82 
Fig. 21. Apparatus utilised for the attraction bioassay of Strepsicrates macropetana . . 87 
Fig. 22. Apparatus developed for the effiuvial collection of Strepsicrates macropetana . 
.... ··· ······· ······· ········· ·· ···· ··········· ........ ... ... .. .. ... . ....... ......... ..... ..... .. .. 89 
Fig. 23 . Response of Strepsicrates macropetana to treatment and control stimuli ....... 94 
Fig. 24. Response of Strepsicrates macropelana to various treatment stimuli ........ ..... 94 
Fig. 25. Gas chromatograph of the glandular content extracted from female 
Strepsicrates macropetana (n = 7). .... ......... ..... .. ...... ...... . ..... ...... ..... .. 95 
Fig. 26. Antenna] response to glandular extract of female Strepsicrates macropetana 
during GC-EAD analysis ......... ..... .... ... . ............ ........ ................. .. ... ... ......... . .... 95 
Fig. 27. The typical EAG profile of a single male antenna of Strepsicrates macropetana 
to a series of positional isomers within the 12: Ac group ( data has been 
normalised; black bars represent reference compound) ... .... ... ........ ...... ......... ...... 96 
Fig. 28 . The average EAG response of male Strepsicrates macropetana to a series of 
positional isomers within the 12:Ac series (n = 20 antennae) (data has been 
normalised; grey bars represent reference compound) . .... ..... . ...... ... .. ....... .. ....... 96 
xi 
List of Tables 
Table 1. Characteristics of Strepsicrates macropetana larvae when reared on Eucalyptus 
macarthurii foliage (n = 38) . .... ...... .......... ............. ... .... .. ... .... .... ... ................... 41 
Table 2. The development duration (days), pupal weight (mg), fecundity and fertility 
(number of eggs hatched per female) of Strepsicrates macropetana when reared 
individually on Eucalyptus foliage and general-purpose diet (GPD) . .... .............. 47 
Table 3. The influence of Eucalyptus species on the pupal weight (mg) and development 
duration (days) of Strepsicrates macropetana. ....... ................. ............... .. 54 
Table 4. Ranked life history parameters of Strepsicrates macropetana . ......... .. ........... 55 
Table 5. Oviposition of Strepsicrates macropetana on host vs. non-host foliage when 
enclosed in a choice arena. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . .. .. .. .. . .. . . . . . . .. ... .. 60 
Table 6. Study site summary .... . .... ............... ........ . . ....... 64 
Table 7. Pupal weights and the potential fecundity of field-collected Strepsicrates 
macropetana . ......................................... ... .. .................... ............... .... ...... ..... 67 
Table 8. Treatments performed in the attraction bioassay. . ... ... ...... .... ..... .... 86 
